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GEOLOGY IN THE AREA OF ALBION, MICHIGAN

a

LOCATION

The ‘purpose of this section of the report is to provide a geologic
background for a discussion of ground water characteristics. It concerns a
site in Calhoun County in South Central Michigan.. The following paragraphs
will present a description of the physiography of the area and an explana-
tion of the surficlal geology. A discussion of the subsurface geology will
follow including some detail on the geologic units that are important to the
groundwater hydrology.

Specifically, the area of concern consists of approximately 16
square miles centered around the town of Albion. This area entails most of
the south half of T2S, R4W, and the north half of T3S, R4W. The actual site
of the groundwater investigation lies in a small industrial area on the east

~-gide of town. ~Industries surround the site on west, north, -and-east, and

there is a residential area on the south side of the site.

PHYSIOGRAPHY

The area under study has two distinct phyvsiographic divisilons.
There 1s an upland area marked by irregular rolling terrain lying along both
sides of the Kalamazoo River Valley. ' The physiographic features that make up
the surface landscape are the result of two natural processes.

The first of. these is the deposition of lundreds of feet of material
from a massive sheet of ice that covered most of the midwestern United States
many thousands of years ago. The second of these processes began during the
melting period of this continental glacier, and continues to the prescnt day.
The ability of moving water to erode and transport the surface deposits has
created the landscape that exists today. The historical sequence of these
processes will be discussed later in this section of the report. '

The upland area, which runs in an east-west belt across the north
and south third of the subject area, is the result. of glacial deposition.

It is part of a larger ridge shaped feature that runs across the central part
of Calhoun County. The feature is called a moraine and is formed from ac-
cumulated material deposited along the front of a stationary melting ice
sheet. At the eastern end of the county, the moraine loses its form as a
continuous ridge and separates into a series of smaller isolated areas of
upland terrain. These smaller areas are bounded by either the Kalamazoo
River or one of the creeks that flow along the eastern boundary of Calhoun
County. The subject area of this section of the report covers portions of
two of these smaller upland segments of moraine.

The irregular relief of the moraine surface is due to a combination
of differential amounts of deposition and the formation of kettle depressions.
Kettles form when broken blocks of ice, which have become buried in the
glacial debris, melt and the ground surface subsides into the resulting void
space. Those sites commonly develop the small lakes or swamps which are
frequently found in morainal areas. Such features are prevalent in the
‘Albion area.
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"of Albion. The main river flows westward ultimately to Lake Michigan. Be-

being the stem of the "Y". ' - A

‘at present day. The larger volume of water carved a larger valley along the

Running across the center of the area is the Kalamazoo River Valley.
The main branch of the Kalamazoo River is formed in the Albion area where the
north and south branches of the river have their confluence. The north
branch enters the area at the northeast corner while the south branch flows
up from the southwest corner. They join in the southeast corner of the town

cause of the two branches the valley is-"Y" shaped with the north branch

! .

The valley itself is quite shallow with a small floodplain and
therefore very little surface expression. This is particularly true of the
main river valley and that of the north branch. Surface relief along these
two streams is no more than 10 feet. The valley of the south branch is nar-
rower with slightly more noticeable relief. The valley walls of the south
branch rise 30 to 50 feet above the level of the stream. The amount of
relief along the river changes dramatically further west in the county near
the town of Battle Creek. Here, Battle Creek joins the Kalamazoo River and
during glacial times the creek carried a much larger size stream than it does

creek as well as along the Kalamazoo River west of the Battle Creek counfluence.

“Although the change in elevation along the river valley is slight,
the maximum relief across the area is as much as 100 feet. The point of
highest elevation is 1050 feet above sea level in the morainal area to the
north and south. The gradient drops to a low point of 947 feet aloung the
south branch of the river. Although the maximum change in gradient 1is
largely due to a drop in elevation along the river, the normal gradient over
any given portion of the arca 1s only about 40 feet. The thickness of glacial
deposits are shown on the following page.

SURFICTIAL GEOLOGY

The surficial deposits constitute all of the unconsolidated mate-
rial that overlies the bedrock. -For the subject area this section of the
repoft is considering, they range in thickness from 20 feet to 205 feet. In-
cluded with this report is a map showing the thickness of the surficial de-
posits across the report area. As the map indicates, the greatest thickness
of deposits occurs in Section 34 as part of a small valley sloping gently to
the west. There are also thick deposits in the southwest corner and north-
east ‘corner in similar small valleys. The deposits are thinnest along a
north-south ridge running through the east half of the area. _Across the
actual site of investigation, the thicknessranges from 41 to 90 feet.

The character of the surface deposits basically consists of three
types of materials. There is a generally-clayey material called Till, gran-—
ular deposits composed mainly of sand and gravel referred to as Outwash or
Alluvium, and an organic substance called Peat or Muck. A map of the sur-
ficial geology, presented on page 5, has been prepared showing relative
locations of these deposits. The map 1Is based on data from parent materials
of various soil types as well as logs of representative water wells and soil
borings. The boundaries are generalized in some placeq and should not be
used to delineate specific areas.

— TESTING SERVICE CORPORATION = )

Ay Jrsua ..




FAGE o/ -

THICKNESS OF GLACIAL DEPOSITS

[

R4w

Ny —

wnw—

: .'mt-.-i ﬁl ~
.. /2 14 o_ o , 2 MILES
® WELL LOCATION R : ,
- BORING LOCATION | '

. SITE OF
155 THICKNESS OF GLACIAL DEPOSIT ﬂ

/" \_~ THICKNESS CONTOUR

~_1a0
INTERVAL 20 FEET




- 5. '

SURFICIAL GEOLOGY

[ V|

T
Lo 2

v She.rid.e.r\

AL‘BION' IR

4

1%

SCALE: 1Y% INCHES:=1 MILE

% La o} MILE ;MILES
| GLACIAL 4 PEAT OR MUCK
2 OUTWASH PLAIN L LAKE (12) secTioN NUMBER

3 ALLUVIUM . @ SITE OF REPORT




- lying the sand and gravel deposits.

Till is a poorly sorted unstratified material deposited dlirectly
from melting ice. In the mapped area, till is found in the moraines running
across the north and south third of the map and labeled as Area l. It is a
sandy clay with a little gravel. The Till deposits along the north side of
the area are quite thick and continuous. Those along the south side of the
area are extensive at the surface but thin to the west at depth. The Till
can also be found as a continuous layer along the east side of the area under-

Qutwash is a stratified water-deposited material that commonly oc-
curs as a widespread sheetlike deposit that blankets the surface of the till
plain in front of a moraine. This results when drainage from the melting ice
flows out across the till plain depositing the material it carries. Such de-
posits -are called Outwash Plains. The surface of outwash plains are normally
smooth and decrease slightly in elevation going away from the front of the
moraine. They may have some kettle depressions. Meltwater streams at this
point commonly have a high volume flow at a high velocity. This keeps the
fine grain size particles.in suspension leaving outwash deposits.composed
predominantly of sands and gravels. Quite frequently meltwater becomes chan-
neled through existing stream valleys where outwash is then deposited with
the coarser grain sizes the furthest away from the river. These valley de-
posits of outwash tend to be better sorted than those in the outwash plains.

The outwash deposits in the subject area can be found in an east-
west trending outwash plain that crosses the central one-third of the map.
On the surficial geology map, the outwash deposits are labeled as Area 2.
The outwash plain is approximately one to onc-and-a-half miles in width and
is a small extension of a much larger outwash plain to the west. The out-
wash deposits are very thick at the southwest corner and thin to the east
where they overlie the till. With depth, the outwash deposits become more
extensive; increasing in size at the southeast and northwest corners of the
area.

: a Alluvium is also a granular material that is water deposited. It
is commonly found within the stream bed and floodplain of an existing river.
Unlike outwash, alluvium is'deposited in response to volumes and rates of
flow near the daily average. Therefore alluvium is found to consist of the
finer grained materials of silt and sand. It is a well-sorted and stratified
deposit. Commonly the sorting and stratification are better than in the
outwash deposits. Alluvium is mapped as Area 3 along the Kalamazoo River.

The Peat and Muck deposits, which occur at.scattered locations
across the map, form in the depressions and topographically low areas left
in the glacial deposits. A few areas of organic materials also form in low,
backwater portions of the Kalamazoo River Valley. Such depressed areas
frequently become lakes or swamps that stagnate due to inefficient drainage
and develop heavy vegetation growth. Dead and decaying organic matter begins
to accumulate in this type of environment along with local slopewash deposits
of sand, silt, and clay. Peat is composed almost totally of decayed and par-
tially decayed vegetation. Muck is composed of older, more finely disin-
tegrated organic matter mixed with silt and clay. Muck is a denser material
than Peat, although both are highly compressible. The organic deposits
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care included as Areca 4 on the map. Peat and alluvium are not glacially de-

posited. Their formation began on the post glacial landscape in accompany-
ment with the development of the drainage system and continues into the
present day. Areas on the map marked with an "L" are small lakes that re-
present depressions that have filled with water.

Also located on the map with a striped pattern is the actual site
of the ground water investigation.. It lies at the northeast corner of Albion
in the area of outwash deposits. The surficial deposits across the site are
quite uniform. Virtually all of the soil borings made at the site show fine
to coarse grained sand as the surficial material. The outwash deposits exist

to an average depth of sixty feet across the site and tend to be thicker to
the east and south. There are occasional thin layers of sil;;.o;—clayey

'materlals interlayered with the sand.

GLACIAL HISTORY

The hlstory of these deposits is. told.by the repeated passage of
the glaciers across what is now the state of Michigan. The first glacial
advance began more than one million years ago. . Since that time there -have
been many advances and retreats of the glacial ice with intervening periods
of warm climates. These have been grouped into four major cycles of glaci-
ation. Due to the tremendous errosive power of moving glacial ice most of

_the deposits left from previous ice sheets were removed by the ones that

followed. As a result the surficial deposits as well as the surface land-

_scape found in Michigan today are the product of the most recent episode
.of glaciation. The last glacier to cover the state of Michigan is referred

to as the Wisconsinan. It made its initial advance more than 75,000 years
ago and finally retreated from the area between 15,000 and 17,000 years ago.

The Wisconsinan ice moved south out of central and eastern Canada
over three different routes. Individual lobes of ice moved down the Lake

"Michigan basin, the basin of Lakes Huron and Erie, and the smaller basin of

Saglnaw Bay. They all merged at roughly the center of the state to form
part of the contlnental glacier that covered much of the midwest. During
its forward movement, the ice scoured and eroded the land surface beneath
the glac1er and great quantltles of boulders, sand, silt, and clay were

“frozen.into the ice. During its retreat, the melting glacier redeposited

this material, called drift, over the scoured surface to create the features
of the present landscape. It is significant to note that all the surface
features in the county are oriented northwest to southeast indicating they

-were deposited by an ice sheet moving in a northeasterly direction. To
‘achieve this orientation the ice must have been retreating toward the basin

of Saginaw Bay; which was the route followed by one lobe of the glacier
during its advance. Most likely the retreating glacier followed the same
routes it had taken during its advance and the northeasterly moving Saginaw
lobe was the parent ice of the surficial geology of Calhoun County. The

- retreat of the glacier across Calhoun County is believed to have occurred in
‘the following manner. This description is based on information from Roger's

and Smith' s, "Soil Survey of Calhoun County". |
j
1

The first part of the county to be free of glacial ice was the

"southwest corner. Northeasterly movement of the glacier continued steady
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~until just north of the town of Burlington where the glacier paused and left
~deposits of till and outwash. Turther retreat to the northeast brought the

. front of the ice to a position essentially across the center of the county
_along the present course of the Kalamazoo .River. ~ At this location the glacier

" to be a continuous ridge and spreads out into a broad rolling plain with

‘moraine which roughly coincides with the course of the Kalamazoo River. When

- wash running across the center of the Alblon area, in which the groundwater

-7000 feet- of sedimentary "rocks- overlying a  basement-complex-of-igneous and

western United States. Materials deposited in the sea accumulated on the

~ the rocks that make up the stratigraphy of Michigan. The sedimentary rocks

was very close to.or just north of the town of Albion. Here the glacier
again paused and began depositing a narrow moraine along the south side of

the Kalamazoo River. Just east of the town of Marshall, the ice underwent
some change in its depositional pattern as the moraine at that location ceases

numerous lakes and swamps. At the eastern border of Calhoun County this
widespread morainal area covered about half of the county including the
Albion area. The rolling upland areas to the north and south of Albion are
part of this widespread moraine. During formation of this morainal area, the
glacier was also depositing outwash that spread out across the area in front
of the moraine. Following this pause, the glacier underwent further melting
which withdrew the ice front to within five or six miles of the county's
northern border before it paused one last time. This pause was most likely
of longer duration than the preceding two as it produced a much wider and
rougher moraine and laid down the widest, most continuous outwash plain in
the county. This outwash plain, which is up_ﬁo four miles wide in the west-
ern half of the county, generally follows the north side of the second

this outwash encountered the smoother topography at the eastern end of the
second moraine, it separated into four narrower belts of outwash that fol-
lowed the existing routes of drainage. The belts branched off to the south
towards the St. Joseph's River; to the east along the Kalamazoo River; and
to the north along the north and south branches of Rice Creek. The outwash
in these belts covered the lower portions of the second moraine. The out—

investigation site actually lies, is the eastern belt deposited along the
Kalamazoo River. When movement began once again, the glacier completed its
final retreat from Calhoun County leav1ng a gently rolllng till plaln across
the northeast corner.

BEDROCK GEOLOGY

The bedrock of the state of Michigan consists of approximately

metamorphic rocks. The basement rocks are the oldest and deepest in Mich-
igan and date from the Precambrian Era more than 1 billion years before the
present. They originated as igneous rock from both extrusive and intrusive
molten material. Several times they underwent uplifting and erosion and
were metamorphosed froém the extreme heat and pressure of deformation and
deep burial. ' '

- The errlying sedimentary rocks were formed during a cycle of te-
peated submergence and uplift of the interior of the North American Conti-
nent. During times of submergence a shallow inland sea covered the mid-

bottom, were consolidated by the weight of overlying deposits, and formed

are all Paleozoic and are detailed on theMichigap Stratigraphic Column
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included with this report. It was copied from Lilienthal's report of Barry
County. As can be seéen on the column, the majority of the rocks are lime-
stones and dolomites with a sandstone at the bottom and a few shale units
between. The rock types represent changes in the depositional environment of
the sea. The sea was not in existence continually during the Paleozoic time
but transgressed and regressed in response to uplift and downwarping of the

"land mass. Sandstones were deposited in shallow water, near shore beach

situations; limestones represent a continental shelf area with moderately
shallow water where only fine grain particles 'are still in suspension. These
settle to the bottom as layers of mud. Two rock types are unique in the
Stratigraphic Column. The Silurian Salina group has many layers of anhydrite

-and salt deposition and the late Devonian Antrim Shale 1s highly radioactive.

The sedimentary rocks of Michigan range in age from 570 million ycars before
present for the Cambrian rocks immediately above the basement to 330 million
years for the Marshall Sandstone which is the surface bedrock unit under-
lying the glacial deposits over most of the Albion area.

Structurally, the bedrock has been gently .depressed .toward.the
center of the state creating a large scale feature referred to as the Mich-
igan Basin. The basin resembles a shallow symmetrical bowl with the youngest
rocks at the center and older ones moving away from the center in roughly
concentric circles. A. geologic map of the state is included to illustrate
the structural pattern. Calhoun County sits on the southwest flank of the
basin approximately two-thirds of the way from the center.

The majority of the rocks on the bedrock surface beneath the Albion
area are Mississippian in age. However, as is indicated on the geologic map,
the contact line between the lower Mississippian and lower Pennsylvanian
rocks runs directly through the Albion area. This contact was not represented
on the enclosed map of bedrock geology and topography because the two dif-
ferent age rocks are similar in composition and, with the limited data
available from the well logs, it was not possible to differentiate between
them.. Some speculation can be made however. The Mississippian and Pennsyl-

.vanian rocks are both sandstones at their point of contact, but the Pennsyl-

vanian rocks are sandstones oﬁly'in the basal layer and grade rapidly upward
into shale. A few of the well logs from the northern half of the area do
indicate shaley sandstone and there is a small area at the northeast corner

where 'shale is exposed on the bedrock surface. Because it is suggested that
- Pennsylvanian rocks do exist in the Albion area, these shaley rocks best
match the anticipated location for the younger rocks. This is a highly

tenuous classification however, because the older Mississippian sandstcnes

also have occasional thin occurrences of interbedded shale.

The Mississippian rocks at the bedrock surface are classified _as
the Marshall Formation. The Marshall is composed of two sandstone uynits which
are very similar and normally not differentiated. They are the upper
Napoleon and the Lower Marshall. The rock is gray, fine to coarse grained,
and micaceous with flakes of muscovite and a trace of pyrite. The rock is
poorly sorted, moderately cemented, and highly permeable. If Pennsylvanian
rocks are found in the area, they belong to the Saginaw Formation. They
are white to gray sandstones with interbedded layers of shaley sandstone and
shale.
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The  elevations on the bedrock surface map are calculated from ap-
prox1mate surface eclevations and, therefore, vary in accuracy by about 20
. feet-high or low. Although the numhers may not be exact, the pattern should
be a general representation of the bedrock surface. There is also a narrow
.steep-walled valley at the northeast corner. This valley runs directly be-
neath the actual site of this report. The points of data for this map were
taken from water well records recorded with the Michigan Department of
Natural Resources. as well as borings made by Testing Service Corporation at
the project site. There are not a-sufficientfnumber of well points on the
map to depict in detail the surface topography.. Because of a particularly
sensitive lack of data at the center of the map, it is possible that any of
_the three valleys could be connected across the center of the map. Their
true extent cannot be determined without more data. '

" GROUNDWATER CHARACTERISTICS -

" The geologic formations which are of primary significance to the
groundwater system are those with good porosity and permeability. To yield
a good supply of groundwater, a formation must first of all have adequate
void space between the individual grains of rock to hold water. Second, the
void spaces must be interconnected so the water will move through the unit.
Geologic formations that have these characterlstlcs and yield groundwater are
called aquifers. :

The primary aquifers in the Albion arca are the uppermost formations
on the geologic column. Within the overlying glacial drift, the outwash de-
posits are very good aquifcrs. The unconsolidated sand and gravel make these

~ deposits highly porous and permeable and they produce fairly large quantities
of water. The aquifer potential of the outwash deposits is best developed
over the southwest quarter of the Albion area. Here, the bedrock surface
drops off into two valleys and thick sequences of sand and gravel have ac-

" cumulated. Bedrock valleys are frequently good sources of groundwater as the
bedrock walls tend to confine the water and allow large quantities to develop
as well as influence its movement. The outwash deposits are spread through-
out the Albion area; however, as mentioned previously, there is a layer of
clay running at varying depths across the eastern half of the area that
separates 'the_outwash into thinner isolated areas. The impermeable clay
‘reduces the movement of water throughout the outwash and confines it to the
smaller areas. There is also a small bedrock valley at the northeast corner
of the area that runs directly under the actual site of this report. The
layer of clay also runs through this valley, hovever, and reduces its ground-
water potential by excluding water from above. Another factor affecting the
performance of an aquifer is its recharge ability. Because the outwash de-
posits are exposed at the surface, recharge of their water supply from rain-
fall is ea31ly obtained.

The Marshall sandstone directly beneath the glacial deposits is
‘also an important aquifer. Sandstone may be porous rock with good permeabil-
ity and can produce a good groundwater yicld. The Harshadl—Eormation is up
to 200 feet in thickness and together with the glacial outwash produces a
reliable aquifer system. -Fhesautyash=sandsteoae—equiter—ts—widetyused=by=
weay—inddviduale—and-mmmicipatitiesforthetrgrovmdwater—suppites——The--sand--

" stone—eguifer—ha s—geed-aecess%ﬂ'-redmge—from‘mrﬁace-wa terg—throuph-the—
iﬂaeaaiza?Tﬁe
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There is little information available concerning the équifer char-
acteristics of the Saginaw Formation. The basal-sandstone 1s probably similar
to the Marshall Sandstone in groundwater availability.. As the amount of

" shale increases, the effectiveness of the aquifer is, no doubt, greatly re-

duced.

- The rock unit directly underlying the Marshall Sandstone is the
Coldwater'Shale. This unit 1s important to the groundwater system because it
is a highly impermeable rock. Although it yields no groundwater, it does
confine the water in the outwash-sandstone aquifer system and prevents it from
moving into lower rock formations. There are other porous and permeable for-
mations at varying depths throughout the geologic column. HMost of the lime-

stone and dolomite units as well as the Cambrian sandstone have groundwater

supplies. However, the amount and quality of the water is suspect. There
are reports from other arecas in Michigan that groundwater below the Coldwater

Shale is saline and of poor drinking quality. The cost of drilling to greater
depths also reduces its usefulness.:
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_saturation zone, Split Specon sampling of the soils was continuous. This

. photograph included with this report, gives a general picture of the current

GEOLOGY AND SOILS IN THE VICINITY OF THE McGRAW-EDISON SI1TE

The preceding discussion of "Geology in the Area of Albion, Mich-
igan" presented a geologic background for a relatively small geographic area
(approximately 16 square miles) surrounding the town of Albion. The follow-
ing discussion presents a description of the subsurface conditions as deter-
mined from se1&—buv¥533:ma¢§:§t<&§>diiigzcnn_ﬁLaL;on—&ncaﬁaone:nn:dgfLaW~
Bdisomy-Albien—Endustries,. Adrco~aad_Holtz-propertigs.

A total of $a=mondtoring=welds=were—instadled for this study (some
stations consist of both a shallow and intermediate or deep well). There are
“rl—shattowy H—intermedinte and 3—decp—monitoring-wallds.. The shallow wells
were generally installed in the 25 to 45 foot range which penetrated the
upper water table approximately 10 fcet or less. The intermediate wells were
Tnstalled generally in the 50 to 100 foot range. These intermediate wells
were either installed in an underlying water bearing strata or in some cascs
were installed in basically the same aquifer as the shallow well but at a

greater depth. Some of the 1ntermedlate wells penetrated the sandstone bcdroc%.

The 3 deep wells were installed into the sandstone bedrock at depths of 260 to
270 feet below ground surface. These deep wells cended at depths of 175 feet
to 235 feet below the top of the sandstone formation.

Soil samples were taken by the Split Spoon method at 5 foot depth
intervals until the first saturated materials were encountered. The Sﬂmpler
was driven 24 inches instéad of the standard 18 inches, leaving an unsampled
interval of only 3 feet between consecutive samples. Below the top of the

sampling procedure.was significant in that it presented an accurate and de-
tailed column of the stratigraphy at each station location.

TOPOGRAPHY

) The topography of the site, with the exception of the cultivated
land 'on the Holtz_ property and portions .of Airco property, has been modifiled
by man during the development of McGraw and Albion Industries propertics.

A topographic map with 5 foot contour intervals (prepared from 1953 aerial

topography. Three special features worthy of mention, which directly affect
ground water flow and will be discussed later in this report are:

1) the retention pond on Albion Industries,

2) the fire protection sump on the McGraw property, and
3) the low wet area on Airco property.

STRATIGRAPHY

The thickness of the‘uﬁtﬁﬂgﬁTTﬂJted;dEﬁUngg in this study area,

as indicated by soil boring data, ;anfed—frcm‘zﬁvfuvimhttty“ﬁﬂ—t6*88w$eet
These pleistocene deposits consisted mainly of—gfaﬂu&a£—60113 deposited as

butwaShOr~pdacioftuvialnaletdads  As previously mentioned outwash dep051ts

are stratified materials deposited by flowing water from melting glacial ice.
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- along a west to east line through the center of the site consisting of Stationsg

-dle and lower portions of the soil profile. The till materials were basi-

- layer throughout the site. Two relatively large layers of till can be seen

tion, were encountered at several stations mainly in the southwest portion of
.clayey silts. - They were encountered below the upper -outwash material at

‘thickness from 1.3 to 8.5 fcet as encountered during drilling and sampling

a—18nf the 4A5.stakien—teeations. A bedrock topography map (Sheet 3) has

~on the W-E cross section from Station 10 to ll. These stations also represent

13

Other types of glacial materials .encountered included till (un-
stratified material deposited directly by -ice characterized by a lack of
sorting and a wide range in particle size).and some glaciolacustrine deposits.
Glaciolacustrine materials are fine grained soils deposited in quiet glnclnl
lakes. These materials consist typically of 1am1nated silts and clays.

Due td the number of bo:ing logs and numerous soil descriptions
shown, a station by station discussion of all soils encountered has not beca
done because of the relative uniformity of soil conditions. The individual
boring logs are included in the Appendix of this report. To facilitate this
discussion, 2 stratigraphic cross sections are presented on Sheet 2 of the
drawings in the Appendix of this report. The first cross section is basically

11, 10, 27, 4, 22, 18, 7, 24, 29 and 28. The second cross section is basi-’
cally along a north to south line near McGraw's west property line and con-
sists of Stations 1, 6, 7, 3 and 41. These 2 routes were selected in an effors
to present what was believed to be the best and most useful information con-
cerning the general stratigraphy and water table data.

As both cross secctions show} the upper soil stratigraphy consists
of sand outwash. Nearly all of this material can be described as clean, well
sorted fine to medium grained sand. The lower outwash deposits exhibit more
variation in composition. Most of these materials were described as sand,
silty sand and mixtures of sand and gravel. As indicated in both cross
sections, typically coarser sized materials were found to exist in many of the
lower putwash deposits.

At a number of station locations, till was encountered in the mid-

cally described as silty clays and clayey silts, some of which were also
described as sandy. These relatively impermeable materials were found to
exist as discontinuous layers and isolated lenses rather than as a continuous

on the north-south profile in the vicinity of Stations 1, 6 and 7. These
same: two layers can also be seen on the west to east proflle in the vicinity
of Statlons 18, 7, 24, 29 and 28 ]

Gléciolacuétrine deposits; whicﬁ are not sthn on either cross seé—
the HOLTZ property. These soils were described as laminated silty clays and
depths ranging from approximately 35 to 40 feet. The material ranged in
operations. This material is also relatively impermeable and its existence

as a discontinuous layer indicates a small scale type of glac1olacustr1ne
environment. - . -

BEiUw—the—unconsviidate&—depeer@s saﬁdstene~bedgoek—waewentUUntered

been prepared indicating the general surface configuration of the bedrock
based on the drilling data. from 18 stations. The major surface feature,
indicated by this map, is a wvalley or trough-like depression having a NE to
SW trend through the center of the McGraw site. The depression rises fairly
abruptly near the SW portion of the site. This abrupt rise can also be scen
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the greatest relief encountered in the bedrock topography (from a low of ap-
proximately 896 at Station 10 to a high of approximately 939 at Station 11).

NX sock—cores of the top. 20 feet of sandstone were taken at Stations
6, 10 and 21. Several core samples were taken to the Geology Department at
Michigan Station University and were identified:as MaIXrshali—Sarmdstoites The
Marshall Sandstone is Mississippian in age.. It.is generally fine_tb coarse
grained, moderately cemented and considered to be a good—aquifer—due—to-its-
orons—Ind=permeabte-firture. This formation is underlain by the relatively
impermeable Coldwater shale. e ' ' .

'LABORATORY TESTING (Permeabilities, Grain Sizes and Atterberg Limits)

A total of 22 permeability tests were performed on soil samples.
These tests were performed by the variable head method.

The relatively impggmeable silty clays showed permeabilities i
the order of magnitude of 10 cm/sec with one sample testing in the 10
_cm/sec range. The.slightly less impermeable clayey~silts-(sg9e;were~g S0
sandy) showed permeabilities in the order of magnitude of 10 ° and 10 = cm/sec]
Two samples which were described 98 a clayey sandy silt and a sandy clay
showed test results in the low 1 .cm/sgg range. . The permeable_autwash-sandsq
howed—permeahil it ie; =l '

_ o . ] ? _
Permeability tests were also performed on 2_sandstone—rack—core-

. gampres. These tests were performed in the triaxial cell without back pres-

sure. These tests were performed using a confining pressure of 28 psi and a

- water flow presgure of 18 psi. The results showed eeefficients—ei_permeabili-
‘?EEE5E:;E2ﬁ%@=§:Eﬁ§:3:1x¥0:§:€ﬁ?§§3? The permeability test results are

shown on the individual Boring Logs and are also summarized in the Appendix
of this report. '

, Ten Atterberg limits have been performed. Six of these were run
on silty clays (one sample was also sandy). The plastic indexes ranged from
9 to,19 with liquid limits ranging from 24 to 39. Three limits were run on
clayey sandy silts and one on a clayey silty sand. These materials showed
plastic indexes from O to 13 with liquid limits from l4 to 26.

- Ten grain size analyses have also been performed. The grain size
curves and the Atterberg limit data are also included in the Appendix of this

report.

GROUND WATER TABLES

Both—an—upper~and—tower--grosnd=—water=~table—were-found—tocexi:gtat
RYeS EaEon sawhel exboth s aushallow—aad=lntermediate--momitoring=weld=hawa
<beemr=imstatdedr The ground water tablée data have been obtained by wmaking
. measurements in shallow, intermediate and deep monitoring wells. Readings
were taken several times throughout the drilling program. A complete set of
measurements was taken on all monitoring wells on June 19, 1981. These
measurements were used to prepare the Shallow Aquifer and Deep Aquifer Contour
Maps (Sheets 4 and 5). A summary of the water level elevatious for measure-
ments made ‘to the nearest 0.01 foot on the above and preceding dates is in-
cluded in the Appendix.
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- The existence of the relativelyfimpcrmeable silty clays and clayéy
silts (some of which are also sandy) are-significant in generating an upper,
and lower table. -fthey—shouwld—aetg—thovevery—be—considered—to—represent—a

- cont=inuous—aquitard preventing liquid movements to the lower aquifer. As the

stratipgraphic cross sections show, thrre—are—gaps—si—windows—which-coudd-
) oy passage—of—a-diquid—into—theteowll water~table. It can also be seen
that &54xmw94963&aeﬂs_bhe-uppemmaad—&owe{—webe@—&ﬁbiee-me&geaop—near&y—merge

~£o—£otmr1nn?‘t1bt€ Lo e DR R .

A discussion on direction and rate of flow follows later in this
report. 1In general, however, it can be stated that the direction of flow
was found to be to the south and southeast.
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PROCEDURES

'DRILLING

The soil borings were'mdde-using.a t;dck—mounted Mobile 80 drill rig

'and a Central Mine and Equipment 750 all terraﬁn type vehicle.

The bore holes were ‘advanced by continuous hollow-stem auger flight

‘methods. The majority of the deep borings were.advanced by rotary methods.

Wash water was used with REWERTF-=at some locatlons in order to prevent. slough—
ing and caving of -the hole. Where REVERT was used, upon completion of the

._boring_EAS¥"BREﬁK-wassfheﬂ—ﬁsed—t0~break—down-the—REVER?

After completing each of the borings, the augers, drill pipe, samp-

~ling spoons and other related equipment were steam cleaned prior to drilling

the next well. -Care was taken during the steam cleaning operations to elimi-
nate possible cross contamination.resulting.from use of the equipment.

SAMPLING

Samples of the underlying soil were taken according to currently
recommended American Society for Testing and Materials procedures for Split
Spoon sampling of soils. The materials penetrated were logged by visual
inspection of the material brought up by the Split Spoon sample devices.

Care was taken in collection of all ground water samples to elimi-
nate any cross contamination, and insure that a sample replesentatlve of the

aqulfer was collected.

Water samples were obtained from some of the Split Spoon samples

in the saturated zone. Samples of the water were also obtained inside the

hollow-stem auger and inside the installed well. A one inch: diameter PVC
pipe, approximately 18 inches in length with a steel plug was used in ob-

taining the water samples. Initially, the second bale was used for the
water  sample.- It was then determined to use the 10th bale of water for

- testing. After the high concentration of contaminant was noted, a separate
- baling device was installed for each of the wells to eliminate possible’

CYross- contamlnatlon

Some of the deeper wells were installed'in the underlying sandstone.

‘At the three deep well locations, we utilized a double-barrel "NX" diamond

bit drilling device to obtain samples of the underlying sandstone.

Hand auger borings were made at some locations. - Samples were ob-

" tained from the screw auger and the soil placed in glass containers with

screw type lids for transporting to the laboratory.

The water samples were placed in special glass vials and sealed
with a teflon-coated cap. The samples taken from the Split Spoons were
placed in glass containers with screw- type llds.
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GROUND WATER MEASUREMENTS

Elevations of the gfdund water levels were made using a Fisher bat-
tery operated water level indicator having an accuracy of 0.0l foot. Numerous
measurements were made during the study and minor fluctuations of water table
for both the upper and lower aquifer were noted. Elevations of the ground
water were established from a U. S. Ceological Survey monument. Using thege
elevations from the various wells in both the upper and lower aquifer, ground

_water contour lines were established. Studies of these contour lines sug-

gested the direction of ground water flow.

WELL INSTALLATION

Bbservation—wedls-—consisted—of=2—tnch~PVC~casing-conneeted--to—a
S—foot_geetitomof—2-IMCH OUUSILd€¢ dIlamcLer srainless~sreelOHNSON-well—point.
Some of the wells were completed with TIMCO PVC screens. The well point

" screens had commercial slots ranging in size from 0.006 to 0.0l inch. Thread-

ed couplings were used exclusively to connect casing lengths since the use of
glue Immediately prior to well installation could induce various organic
solvents, which are contained in the glue, into the water sample.

In drilling the shallow wells which terminated in the upper aquifer,
samples were obtained by Split Spoon methods with sample intervals no yreater
than 5 feet. Upon reaching the zone of saturation, continuous Split Spoon
samples were then taken to depths sufficient to perm1t approx1mately 10 feet
penetration into the upper aqulfer :

Upon reaching termination depth, the 2 inch PVC pipe connected to
the well screen was then lowered into the open hollow-stem hole. The hollow-
stem was then removed and the formation allowed to cave into the annular space
The open hole above the water table that did not cave was then backfilled
with formation material brought up during drilling. Bentonite pellets were
then placed in the hole approximately 15 feet from existing grade. Above the
bentonite pellets, native soil was used to backfill the hole to near ground
surface. The final three feet of open hole was filled with concrete to pre-

" vent surface water from entering the annular space around the well casing.

Steel protector pipes were. then concreted in. place.above the.RVC.pipe.. The

) protector pipes had steel caps, chains and locking deVices.'

Deep wellg were 1nstallcd at numerous locatlons adjacent to the
shallow wells. At the deep well locations, the hollow-stem auger was drilled
to approximate previous depth of the shallow well. Then continuous Split
Spoon samples were taken to termination depth of the bore hole.

The 2 imch PVC with a well screen was then installed inside the
hollow-stem, Next, approximately 15 feet of hollow-stem was removed from
the bore hole and clean pea gravel was packed in the annular space around
the well screen. After this had been accomplished, approximately 5 feet of
hollow-stem was removed from the bore hole and bentonite pellets were packed
into the annular space above the pea gravel. After this has been accomplished
the hollow-stem was removed from the bore hole. and sand was used to backfill
the annular space to approximate ground surface. A similar-type protector
pipe was installed on the deep wells as discussed for the shallow wells.
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A deep ‘well was installed near the existing diesel well. At this
location, rotary methods were used to make the hole down to approximately
80 feet below existing grade. Bentonite was used to keep the bore hole open;
however, the bentonite slurry was not recirculated in making the boring. By
not recirculating the bentonite,. possible cross contamination of the ground
water was eliminated. A 4 inch diameter PVC well casing was then installed
to ‘approximately 80 feet in depth. Rotary methods were then used to make the
hole to approximately 260 feet below existing grade. -REVERT was used in mak-
ing the rotary boring. After completion of the boring, Fast Break was then
flyshed into the well to break down the REVERT. '

The 2 inch PVC with stainless steel well point was then installed
in the deep well using similar procedures as outlined above. Tubing having
a diaméter of approximately 3/4 of an inch was taped to the 2 inch PVC pipe
~ extending to a depth of approximately 80 feet below existing grade. A Port-

"land cement slurry was then pumped into the 3/4 inch plastic tubing in order
to seal the interface of the sandstone and upper granular material.

A 6 inch steel protector plpe was then installed above the well
u51ng procedures outllne above

Two additlonal deep wells were installed to depths of approximately
260 feet below existing grade. Similar drllllng, sampling and well instal-
lation procedures were followed as outlined above.

ABANDONED BORINGS

- The initial 5 soil borings drilled on this project were abandoned
by pumping a cement bentonite grout into the bore hole. The drill rods were
extended to the bottom depth and the slurry was then pumped into the hole.

It was also necessary to abandon 3 ‘of the other holes as a result
of this recent investigation. On these aboandoned holes, similar procedures
 were used to backfill the boring as outlined above.

_TESTING

. Permeabiiity tests wére performed on representative samples taken
from the site. Permeablllty tests were also performed on the underlying sand-
stone material. ~Atterberg Limit and grain size tests were performed on re-
presentative samples taken from the site. Results of these tests are pre-
sented in the Appendix of thlS report :

Svil and water samples were tested for possible contam1nants De-
tailed déscriptions regarding the test procedures of contaminants are included
in the Appendix of this report " . :

_ LYSIMETERS'

Ly51meters were installed at various locations in the vadose zone--

which is that region located between the ground water table and- ground surfacej}

This area is often referred to as the zone of aeration or unsaturated zone.
These vacuum-pressure devices were used to obtain water samples from the va-
. dose zone. Vacuums wercmaintained on all of the lysimeters. Some of the
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devices did not prdduce sufficient water for testing, however, muany of the
units did supply an adequate quantity for laboratory testing.

_J
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GROUND-WATER ‘FLOW

Ground-water level measurements were made within the 65 monitoring
" wells installed for this study. The shallow aquifer was defined by 41 wells
set 1in the 25 to 45 foot depth range. The lower aquifer was monitored in
21 intermediate depth wells installed in the 50 to 100 foot depth range
Three wells were drilled to depths in the order of 260 feet.

Tlevatlons were obtalned for the top of each of the well casings.

The- depth to-water within each well was measured. All measurements were to
the nearest 0.01 foot. Water level measurements were made April 15, 1981 for
all wells completed as of that date. Additional readings were taken May 13,
1981 on all of the wells completed as of that date. New readings were taken

- June 19, 1981 after completion of the last-well. The June 19, 1981 levels
are plotted on the shallow and. deep aquifer plan sheets presented in.the
Appendix of this report. The isopotential or contour lines have been drawn
for 2-foor intervals for the shallow aquifer and l1-foot intervals for the
deep aquifer. . '

Thfeesgceandfwater—mUnn&s—are~feiated-diret%Ly—fb—bvth/aquifers~
The most influential mound is the retention—pond—located _on ALBIONTINDUSTRTIES
property, north of McGRAW property. The remaining two consist of the low
"Srcamparea—oa—ATREO—property—rerthreest—of—the—site—and—the_pit—near-the
~firewedl-enlelRAW preperty~ During the past three (3) years, the fire-well
water was pumped into the pit periodically when the well was operated to
satisfy insurance requirements. The frequency of pumping has been reduced
significantly since plant shut down in late 1980. 1Initial water table levels
taken in October and -November; 1980 compared to the more recent levels con-
flrm the 1nf1uence of thls mound on the aqu1fcrs.
'\.
o ﬁm&ﬂ%ﬁMV%Fﬂw&k%ﬁ%%mmﬁﬂﬂﬁﬁfﬁrmﬁﬁmm?vmnmeﬁ
-Uﬁqyuaknxrmméef prchp;tdtlan_and~freqaeney—eé—d¢sehﬂEge~by—fhc—£&re—well“
The contours show that ground—watepr—fitows—rtadially—teoward—the-water—table—— .
_dBPLESSLon-on—the—sUUth—and—the~HOTTE‘FTUPETty~eeuGheasG—of—McGRAw-pnoperty-

SHALLOW AQUITFER

The contours for the shallow aquifer show that water flows from the
retention pond mound in general in a -scutheasterly direetien—toward_the HOLTZ.
‘prapertx. Flow is indicated south-west, then.easterly and finally toward the
south. Also, flow is indicated from the "swamp" area southwesterly and then
toward the south. The water table depression in the center-east portion near
the south-east McGRAW property corner corresponds approximately to that area
where clay layers between the upper and lower aquifers are absent.

DEEP_AQUIFER

The contours for the deep aquifer also show that water—flows—from.
the~reteﬁtiun‘pGﬂG=FUUndman_genexai—&n—ﬂ—ﬁeuﬁheﬂsbef&y—d&%eeeien Flow is

L
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indicated south-west toward Franklyn Avenue and Clark Street Flow is in-
dicated from AIRCO propcrLy southwesterly to McGRAw property and then toward
the south. oo

RATE OF FLOW

~respectively. _ _ o _ o

The rate of ground—water flow in the -study area may be influenced
to varying degrees by numerous variables consisting of (1) the retention pond
on ALBION INDUSTRIES property; (2) the '"swamp'".area on AIRCO property; (3)

. the theevctgngaLLs—LaaaEed—eppf0x4maeely—LOOG—&eeL_nQLLha wesd—of—the Tites

(4) the McGRAW fire-well pumped into the sump periodically; (5) the McGRAW
supply well shut down in October 1979; (6) the active BROOKS FOUNDRY, INC.
industrial well lotated a feéw hundred feet south-east of the HOLTZ property;
and (7) the approximate 50 private active wells immediately south of the site.

Coefficient of permeability tests, which measure the hydraulic con-
ductivity, were performed on 22 samples of the soils encountered on the site.
The test results are indicated on the boring logs at the respective depths
and on a Summary Sheet in the Appendix of this report The. granular-:soils=
have coefficients of permeabilities in the {0 -—cm/sec range. The
eohesineSoidsmaocffietenta=ramge—between—t =" _cm/secs The clayey

' silts and clayey sands coefficients range between the granular and cohesive

test results. Two (2) coefficient of permeability tests were performed on the
sandstone. These coefficients of permeabilities indicate %ﬁ‘&‘fﬁ'TO m/sec
rates,.. ' T T

The effective porosity of the granular soils was estimated to be
in the order of 30 percent. The hydraulic gradient was computed between
numerous wells.  Hydraulic gradient values range from 0.08 near the retention
pond mound to near zero in the flat area on the HOLTZ property.

Calculations indicate the rate of ground-water flow to range from

. approximately @ 4—fret—perday-over the retention pond mound, +o~UT08-feet

per'day from the fire well sump easterly toward the southeast McGRAW pro-
perty corner, to 70x10 feet per day on the HOLTZ property. .These flow
rates correspond to’values of appLox1mate1y 150 30 and 2. 5 feet per year

‘
¥
'
'
t
'
t
1

TESTING SERVICE CORPORATION : —




'ON SITE CONTAMINANT DISTRIBUTION
‘ Several hundred water and soil samples were collected and tested
for contaminants. Individual test:results and test procedures used are
presented in the Appendix of this report. It must be kept in mind that

very low concentrations of organics were being investigated. The ability to
detect parts-per-billion concentrations is a relatively recent development.

‘The contaminant was found to be ttiehlotoethylene (TCE). No other
major chromatdgraphable'components were detected in the samples at levels
above the background. A representative concentration level of TCE was seclec-
ted for each of the observations wells. These numbers were used in establish-
ing the contour lines for the contaminant distribution plumes of the shallow
and deep aquifer. The ground-water flow patterns are superimposed on the

contaminant plumes for the two aquifers.

§
!

The contour 1ines on Sheets 6 and 7 indicate the approximate limits
in three levels of magnitude of trichloroethylene concentrations in the shal-
low and deep aqu1fers

SHALLOW AQUIFER

Fhe contaminant dlstrlbutlon of the shallow aquifer is presented
-on Sheet 6. '

DEEP AQUIFER

‘The contaminant distribution of the deep aquifer is presented on
Sheet 7. : '

1

INDUSTRIAL WELLS . | - | i

TTIChTUTUethyiene—was—dIStove{eﬂ—:n—the—twv~MeGRAW—&ndus&%&a&—weils4

. in these
&£%=ppb— Two observatlons wells were drllled ‘to- depths of approxlmately 260

feet below grade Observation well MNumbev—bad® was drilled near the fire-well.

Initial test results from this observation well were approximately #8-ppb-on-
. Dacember. 36519607 houe#et—~§esuite—&n—Febrﬁﬁfy“‘ﬁprri—and—May——iQ8l showed _
'tUﬂtEﬁ%¥§Eigg§_g£_Z£Ll+_lL*bT—4 %:and=%0‘+~ppb

In view of the 70 ppb readlng in December an additional well was
installed to the 260 feet depth range. Observation well Number 111D was
drilled approximately 500 feet west of 121D. Test results of water taken
from this well in March, April and May 1981 indicated levels of 0.45, 1.08,
1.2, 1. 03 and less than 0.01 ppb TCE. y
© LYSIMETER AND SOIL SAMPLES

Numerous soil samples were tested for possible contamination. The

'specific test results are presented in the Appendix of this report. Because

. of the volatility of TCE, concentration levels are rapidly lowered upon ex-
posure to air. ' :
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In order to obtain additional data, lysimcteré were installed in the
vadose zone. Water samples from the zone of aeration or unsaturated zonc were
collected from the lysimeters. The locations where lysimeters were installed
are shown on the drawings in the Appendix of this report. The test results
are tabulated in the Appendix. Vacuums were maintained on all the lysimeters,
however, to date some of the devices have not produced sufficient water for
testing. " : _ o . 4 :

We have indicated in the table below, “the installation depths and
other pertinent data regarding each of the lysimeter installations.
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LYSIMETER DATA’

'

DATE :
INSTALLED - oo Con BENTONITE
1981 - HLYSIMETER - DEPTH SOIL DESCRIPTION SEAL FROM:
4-2 L-1 15" Light brown f1ne to medium
: SAND, moist. ' 7'-8'
4-2. © L2 15" Brown fine to medium SAND,
: very moist -8'
42 1-3 15! Light brown fine to medium
SAND, very moist 7'-8'
4-3 L-4 15" Brpwn-fineito'mediumiSAND,~ .
' moist’ . g 7'-8"
4-6 L-5 14’ _Brown fine to medium SAND
moist 6'-8"
4-6 L-6 1415 -3rown fine to medium SAND,
: S trace small gravel, moist 6'-8"
4—6. L-7 14;3/4' Brown fine to medlum ‘SAND,
 trace small gravel, moist 7'-9"'
47 1-8 15%"' Brown to dark brown fine to
' - ' - medium SAND, moist 4'-7"
4-7 . L-9 24" ~ Brown fine to medium SAND,
' A - 1little graVel, moist 4'-6"
4—7 L-10 ' 19%' nght brown flne to medlum. -
: o SAND, moist 6'-8'
47 1-11 21%' Brown fine to coarse SAND
- some glavel, moist 6'-9'
4-7 L-12 24" Brown fine to medlum SAND,
: : moist - ' 6'-9'
4-8 L-13 22-3/4'| Brown gravelly fine to
: medium SAND, moist 5'-8!
4-8 L-14 24" Brown fine to medium SAND,
moist = - | 3'-6"
4-8 - L-15 20" ' Light brown fine SAND,
moist - ‘ 5'-8'

TESTING SERVICE CORPORATION
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LYSIMETER DATA

(continued)
DATE
INSTALLED - L : o BENTONITE
1981 LYSIMETER - DEPTH SOI1. DESCRIPTION- SEAL FROM:
4-8 L-16 20" Brown fine to medium SAND,
moist ‘ 3'-6'
4-8 L-17 22" Brown fine to medium SAND,
: moist 3'-6'
6-17 L-18 12" Brown fine to medium SAND,
very moilst none
- 6-17 Lf19 12! "Gray clayey silty fine.to .. |..
medium SAND, very moist none
6-17 L-20 12! Brown fine to medium SAND,
’ - very moist none
6-17 . L-21 12! Brown fine to medium SAND,
. very moist none
6-17 1-22 14" Brown fine to medium SAND,
_ ' very moist none
6-17 L-23 127 Brown.fine to medium SAND,
o . very moist . none
6-17 L-24 12" ‘Brown fine to medium SAND,
: . very moist : ‘none
6-17 L-25 14'° | Brown fine to medium SAND, .
' " very moist ' ' none
6-17 L-26 20" Brown fine to medium SAND, .
‘ : : trace gravel, very moist none
6-17 1-27 23" Brown fine to medium SAND,
' trace gravel, very moist none
6-17 L-28 - 25' Brown fine to medium SAND,
: trace gravel, very moist none
. - . . . . v
6-17 1-29 234" " Brown fine to medium SAND,
' ~little gravel, very moist none
6-18 . 1L-30 16 Brown fine .ty medium SAND,
' ' trace gravel, very moist none

|
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(continued) -

, S * SE

DATE | . P I
INSTALLED| - } - o . L | BENTONITE
1981 LYSIMETER . DEPTH R SOIL DESCRIPTION SEAL FROM:
" 6-17 - L-31 25" " Brown fine to medium SAND,
o o little gravel, very moist none
6-17 L-32 . 25! - Brown fine to medium SAND, _ _
: o : little gravel, very moist. ~ none
6-18 |- 1L-33° 25" Brown fine to medium SAND,
- ' " trace gravel, very moist none
6-18 | L-34 Io24r Brown fine to medium SAND, _
' very moist . . none
6-18 . L-35. 20" Brown fine to medium SAND,
: : ' - moist : . none
6-18 - L-36 17! * Brown fine to medium SAND,
s ' : trace gravel, very moist none
| 6-18 L-37 17! Brown fine to medium SAND,
g; E : _ very moist : none
"6-18 L-38" 16' | Brown fine to medium SAND,
' . trace gravel, very moist - none
6-18 . L-39 16’ Brown fine Eé medium SAND,
f o S _ - ~trace graV%l, very moist none
;6—18 L-40- 114’ Brown fine tg medium SAND, " o
% . S SRR very moist | ' none
.. L D . R P . N - N

!
i

|
!
]
|
]
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OFF'SITE‘CONTAHINANT_DISTRIEUTION

ALBION INDUSTRIES

The two shallow wells drilled on Albion Industries property, lo
cated north of McGRAW-EDISON, indicate levels bf TCE ranging from 0.37 to
3.76 ppb. Twa soil samples taken in the 12 to, 15 depth range indicated t

~ results.of 2’ ‘and 18 ppb. - _ - N |_

. The deep well installed at a depth of 265 feet below ground sur
face had test results of 6.81l, 4.94 and 7.65 ppb TCE.

AIRCO

-l
I

: . Five shallow wells and two deep wells (to depths up to 88.5 fee
below grade) were drllled on AIRCO property located east of McGRAW-EDISON
pLoperty.

o

_HOLTZ

]
property located southeast of McGRAW-EDISON. TCE concentrations ranged f

<0.01 to 8. 29 ppb in the shallow wells and from < 0.0l to 120 ppb in the
.deep wells.: :

The contaminant distribution of the decep aquifer is presented o

Sheet 7. Deep well Numbers 38D, 35D.and 43D indicate less than 10 ppb co
centrations, however, wells drilled south and east of these (40D and 42D)
indicate concentrations of 30 to 100 ppb. All of these wells were drille
during the last phase of the investigation, however we have a minimum of
four (4) test results from each well. Further sampling and testing may

. revise the eoncentration plumes_toward the south

: }

. . Study of Sheet 7 indicates a " poss1ble of £ 51te source near
Michigan Avenue. Cbn51derat10n should be glven to further 1nvest1gate
this area to reflne the actual llmlts of ‘the plumes

TESTING SERVICE CORPORATION
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formed March-17, 1953. We have superimposed the contours on the 1971 map.

SAMPLING OF LEXISTING PRIVATE' AND PUBLIC WELLS

Water from numcrous private and public.-wells was sampled and tested
for trichloroethylene. Specific test results and addresses are presented in
the Appendix. An aerial photograph of the area was_obtained from a 1971
flight in addition to a topographic map prepared from aerial photography per-

The general area of investigation is shown on Sheet 8 of the Appendix.
Copies of water well logs obtained from Michigan State Department

of Public Health, Calhoun County Health Department and private well drlllers

are’ presented in the Appendix.
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. SUMMARY- -

The data obtalned from this study w1ll be used by others in making
recommendations for Phase II work.

t

i

1
- o } . b

1

1

}
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APPENDIX

" References

Multi-well Diagram . -
Lysimeter Installation Dlagram
Laboratory Test Data:

. F

1) Contaminant Test Results and Procedures
2) Summary of Coefficient of Permeablllty Test Results
3) Atterberg Limit Test Results '

4) Grain Size Curves
Boring Logs (Volume 1I)
Water Well Logs

"Local Climatological Data, 1980 Lan51ng, Michigan
.Ground Water Elevations

National pollution Discharge Ellmlnatlon System Permit

Drawings:
1) Location Plan

2) Strat1graphy of McGraw Slte'

3) Rock Contour Map

4) ' Shallow Aquifer

5) Deep Aquifer |
6)*'Contam1nant Dlstributlon -

7) Contaminant D;strlbutlon -

8) Aerial Photo .with Contours

|

;Shallow Aqu1fer-'

Deep Aqu1fer
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" trichloroethylene (TCE).

‘City, Michigan.

_CONTAMINANT TEST RESULTS AND PROCEDURES

*'AQUALAB INC., Streamwood, Illinois tested the majority of the
soil and water samples for contaminants. The contaminant was found to. be
Split samples were'’ cross checked by ENVIRONMENTAL
RESEARCH GROUP, INC., Ann Arbor, Michigan, ROCKY MOUNTAIN ANALYTICAL LABORA-
TORY, Arvada, Colorado and ANALYTIC AND BIOLOGICAL LABORATORIES, Garden
‘Three of the laboratories used the Gas Chromatograph (GC)

method to analyze the organics. ROCKY MOUNTAIN LABORATORY used the Gas

'-Chromatograph/Mass Spectrometer (GC/MS) method in testing for Volatile

Organics, Base/Neutrals and Acid Extractables. The trichloroethylene was
verlfied by GC/MS to be present in the samples. ' .

] .
Test procedu1es followed for the-analysis for trichloroethylene

was Method 501.2 THE ANALYSIS OF TRIHALOMETHANES IN DRINKING WATER BY LIQUID/

.LIQUID EXTRACTION prepared by U. S. EnVironmental Protection Agency, Environ-
mental Monitoring and Support Laboratory, Cincinnati Ohio dated May 15,
1979. !

"The instrument used by AQUALAB was a Hewlett Packard Model 5833
Gas Chromatograph equipped with an electron capture detector. The samples
were run in the external standard mode w1th 1ntegratlon and calculations
being done by the microproccssor

_ AQULAB'S Quality Assurance Program included field blanks and
reageant blanks. Standard curves were run with each set of samples with
a check of the calibration curve being run approximately every ten samples.
Samples were run in duplicate approximately 107 of the time for accuracy
data. After an unusually high eoncentration sample was injected, a reageant
blank was: 1njected to assure that _NO_Cross-— contamination 0T .carryover.

occured Lo L R . R

Analytical reports on three samples analyzed for Volatile Organics,

' Base/Neutrals, Acid Extractables and heavy metals aré presented in the

Appendix in addition to specific test results from the observation wells

and private wells.f i
-1
1
t

i
1
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. SAMPLE NO. -“-”&ﬁiéhLOROETUYLENE(ppb)
LOCATION - LABORATORY DATE NOTES
WATER | SOIL | LYSIMETER AQUALAB ERG. SAMPLED
1015 - S I U A 10-15-80 | 27" to 29"
101s . || w-1 |- o 7.2 |- 10-15-80 | Inside HS at 30'
101s - || w2 |- o S 8 - [10-15-80 '
101 W-32 o SRS VYR I 10-23-80
101s || w-55 | © " o 136 - | 10-31-80
101s W-75 : ' 154 ' 11-07-80
101S W95 | . ' ~ 164 - 11-14-80
1018 w-124 | " : 144 160 12-09-80
- 101s N-240 L 107 3-27-81
101D ©s-9 | 12 | 10-23-80 | 56' to 56.8"
101D W-29 . £0.1 | 10-23-80 | Inside 1S at 57
101D || w-30 |- R . <o.1 10-23-80 | Inside HS at 60'
101D° w-31 | .. X0.1 10-23-80
101D W-56 ] ' 17,6 10-31-80
101D w-76- | - -} - ' ' 20.6 ! - {11-07-80 -
1o1p - || w-96 | T T - e 11-14-80
~101D W-126° sy 7002 0 T [T12-09-80
101D W-231 - 1.54,1.52 2-18-81
101D || w-241) - . l.4o -l 3-27-81

x

Water samples were taken inside well except where 'noted otherwise. Soil samples

_-wexe téken by Split Spoon method'..~




~were taken by Split Spoon method.

- SAMPLE HO. " | TRICHLOROETUYLENE(ppb)| - _
LOCATION [f=est - — LABORATORY _ DATE NOTES
g WATER |SOIL |LYSIMETER AQUALAB - | ERG. SAMPLED
1028 _ S-2 30 | 10-15-80 | 18' to 20'
1025 W-3 . 165 . || 10-16-80 |
1028 W-33 167 . | 10~24-80
1028 W-54 151 10-16-80
1028 W-73 164 11-07-80 L
1025 wéggf 170 - 11-14-80
1025 || W-130 o 105 12-09-80 N
1025 W-242 81,5 3-27-81
102D S-10 11 10-24-80 31" to 32'
102D W-65 ' 6 11-05-80 | After 20 minutes

: A of bailing
102D W-74 16.3 11-07-80
102D Ww-87 47.8 - | 11~14-80
102D U-131 B 3.07 | 12-09-80
102D W-204 L2083 | 12-29-80
102D W-243 -7 0.91, Q.92 3-27-81

© 1035 W-4 ) 18.3 10-16-80 .| Inside HS at 38’
1038 - | w-5 17:3 10-16-80
103s w-3 |- | 1007 10-24-80..
103S W-51 B - o 10-31-80 ‘
103" W-68 16.7 11-07-80
103S W-137 17.1 11 l12-10-80
103S . W-260 2.99 4-01-81
Water-sampleé were taken inisde Qell except where noted otherwise. Soil éamples




were taken by Split Spoon method.

T

SAMPLE NO. TRICHLOROETHYLENE (ppb))
LOCATION fr=== - — LLABORATORY DATE NOTES
: WATER | SOLL | LYSIMETER AQUALAB ERG - SAMPLED :
103D W-45 12.4 10-29-80 | Inside HS after
- 30 min. ?Eapailin
103D W-64 | - o 62.9 11-05-80 | After 35 min.
: g : "of bailing
103D W-69 66.1,69.2 11-07-80
103D W-139 448,447 12-10-80
103D w-261 123 4-01-81
- ! _
1048 S-15 > Zx.o 10-28-80 | 26.5' to 27°
1048 W-43 117 10-28-80 | Inside HS atr 28'
104S W-44 165 10-28-80
1048 W-49 . 139 10-31-80°
1048 W-142 213 12-10-80 o
1048 W-200 120 ; 12-29~80
104s N-228 | 39.5 | 2-17-81
1048 W-264 B 22.1 4-01-81
. 3
!
]
104D W-66 174 11-07-80
104D H-104 202 11-24-80 | After 45 min.
- of bailing
104D W-143 465 I 12-10-80
104D =201 207 12-29-80
104D W-229 26.5 2-18-81
104D W-263 o 149,137 %-01-81
Waﬁer sampLes.wefe taken:iﬁside,wellnexcépt'where_pdted otherwise. ﬂSoil samples




were taken by Split Spoon method.

- ~ SAMPLE NO. TRICIILORO].ET-IIYLENE(ppb) : .
LOCATION : _ S = _ LABORATORY DATE NOTES
‘ WATER SOIL | LYSIMETER AQUALAB E_RG ’ SAMPLE
1058 o lser Z1.0 10-21-80 18' to 20'
105S w-23 | 91.8" 10-21-80 Inside HS at 20
1058 . W-24 166 10-21-80
1055 W-59 1 i 121 10-31-80
1055 W-79 o 124 11-07-80
1058 W-162 90.8 12-11-80
105S W-230 3.52 2-18-81
1058 W-279 55.4 4-02-81
105D 5-8 19 10-22-80 | 33' to 35
105D W-25 11.2 10-22-80 Inside HS at 38’
105D W-27. 3 10-22-80 Inside HS after
' . ’ 35 min. of bailing
105D W-28 3.2 10-23-80
105D weo | | 4.5 [10-31-80
105D -80 11.5 11-07-80
© 105D W-163 4.78 3.6. . [12-11-80
105D W-196 | . 2.33 12-29-81
105D W-278 1.31 4-02-81
Nater'sahples were takenlinside wéll except whére noted otherwise; Soil samples




TRICHLOROETHYLENE(ppb)“

- SAMPLE NO.
LOCATION | . LABORATORY DATE NOTES
WATER |SOIL |LYSIMETER AQUALAB™ | ERG SAMPLE '
1065 -8 465,476 | 10-16-80 | Inside HS at 22
. 106S W-9 735 -10-16-80
1065 | w-35 1340 . 10-24-80
1065 || W-46: 946,937 | 10-30-80
| 1068 W-72 1322 11-07-80
1068 W-85 . | 5900 11-14-80
106S W-127 ) 574 760 || 12-09-80
106S W-238 377 ' 3-26-80
106D - |l W-103 40.8 11-24-80 | After 45 min.
' of bailing
106D W-129 34.0 12-11-80
106D W-216 19.3 2-16-81
106D W-253 14.9,13.6 4-01-81
§ :
. 1
1107-S o sa 15 10-20-80 | 38' to 40’
1075 . W-13 ' 4745 10-20-80 | Inside HS at 38'
1075 W-14 1950 - 10-20-80
107" | w-52 10,915 10-24-80
1075 W-70 30,950 11-07-80
1075 W-99 - 18,100 11-16-80 | 2nd bail
107s - W-101 — 15,500 11-14-80 | 3rd bail
107 w-102 | | 13,800 11-14-80 | 4th bail
1075 W-100 1T 16,600 11-14-80 | 10th bail
107S W-107 9,780 11-24-80
107s W-134 12,700 25,000  [112-10-80
107s || w-233 17,400 |l 2-18-81
107S W-258 14,500 4-01-81

Water samples vwere taken inside well except where noted otherwise. Soll sample

were taken by Split Spoon method.




-SAMPLE NO.

TRICHLOROETHYLENE (ppb))]

LOCATION = __LABORATORY DATE NOTES
WATEB SOIL | LYSIMETER AQUALAB ERG SAMPLE
107D S-4 ’24*}  10-20-80 | 48' to 50
107D W-15" L 898 10-20-80 | Inside HS at 48'
107D W-16 15767 10-20-80" -
107D W-53 2925 10-31-80
107D W-71 - 6560 . 11-07-80
107D W-97 . 8590 11-14-80 | 2nd bail
107D W-98 6920 11-14-80 | 10th bail
107D W-106 3164 11-24-80
107D W-136 o 3750 I 12-10-80
107D W-218 1850 2-16-80
- 107D W-257 2800 4-01-81
108S W-6 55.4" 10-16-80 | Inside HS at 27
108s W-7 . 98.6. 10-16-80
-108S W-34 93.8 . 10-24-80
108S W-50 . 99.3. 10-31-80
1085 W-67 Co136 11-07-80
108S W-140 o174 12-10-80
- 108S W-275 SR 775 TR 4-02-81
108D S-17 146 - 11-05-80 | 40.5' to 41" )
1080 || w-105 | " 72.5 11-24-80 | After 45 min. of
. . ' bailing
108D W-141 - 67.9 12-10-80
108D 449 4-01-81

Water samples were taken inside well except

were taken by Split Spoon method.

P

-W-262

where noted otherwise. Soil samples




were talen b&ISplit'Spoon method.

SAMPLE NO. TRICHLOROETHYLENE (ppb _
L.OCAT 10N — . LA BQR/\TORY DATE NOTES
WATER |SOIL | LYSIMETER AQUALAB ERG SAMPLE ’
1095 W-47. 4.9 10-31-80 Inside HS at 31'
1095 W-48 4.5 & [ 10-31-80 o
1095 ‘ S-16. <010 % 10-31-80 | 27" to 29"
1095 W-82 . 9.5° 11-07-80
109S W-94 36.1 11-14-80
11098 W-144 4.11 12-10-80
1098 W-202 2.29 12-29-80
1095 W-273 1.17,1.34 4-02-81
109D 1s-18 24 | 11-06-80 | 39' to 40
109D S-19 10 11-06-80 46" to 47°
109D ¥-93 32.7,33.5 11-14-80 "
109D W-145 . 8.72 12-10-80
109D W-203 ' §.22 12-29-80
109D W-274, 12.1 4-02-81
1108 - S-14 <l 10-28-80 | 27.5' to 28"
1108 W-41 30.8 10-28-80 | Inside HS at 28'
1108 W-42 120 10-28-80
110s W-62 98.1 - 10-31-80
1108 W-81 128 11-07-80
1108 W-92 141 11-14-80
110 | w-158 141 12-11-80
1105 W-269 55.2 i-o1-81 |
Watér éamples wére taken-inside well ex¢ept'where noted otherwise. Soil samples



